with 13 known compounds, were isolated from Oxytropis racemosa TURCZ. Their structures were deduced by means of spectroscopic methods and chemical evidence. 2 and 6 showed cytotoxic activities against HCT-8 (IC 50 6.38 mM) and A549 (IC 50 5.20 mM), respectively.
The Oxytropis genus (Fabaceae) includes more than 350 species, and previous investigation revealed that their main constituents are flavonoids, triterpenoids and alkaloids. 1 2) As an important Mongolian and Tibetan medicine, O. racemosa has been applied to children's indigestion for its promoting digestion and invigorating the spleen properties. 3, 4) However, studies on the chemical constituents and bioactivities have not been reported so far. In a search for biologically active compounds, a chemical study on the whole plant of O. racemosa revealed three new flavonol glycosides (1-3) bearing a 3-hydroxy-3-methylglutaric acid (HMG) moiety, along with 13 known compounds. Cytotoxic activities of compounds 1-12 were evaluated against different cell lines HCT-8, A549, Bel-7402, BGC-823, and A2780 using the 3-(4,5-dimethylthiazol-2-yl)-2,5diphenyltetrazolium bromide (MTT) method.
Results and Discussion
The EtOH extract (1095 g) of the whole plant of O. racemosa was suspended in H 2 O, and then sequentially partitioned with petroleum ether, EtOAc, and n-BuOH. The n-BuOH fraction (300 g) was subjected to separation using various column chromatographic techniques to afford 16 compounds, three of which are new acylated flavonol glycosides.
Compound 1 was isolated as a yellow powder. It showed a UV spectrum typical of flavonoids with absorption bands at 256, 266 (sh), and 354 nm. The high resolution-electrospray ionization-mass spectrum (HR-ESI-MS) (negative-ion mode) analysis led to a pseudomolecular ion peak at m/z 621.1459 [MϪH] Ϫ (Calcd 621.1456), which indicated the molecular formula C 28 H 30 O 16 . Its ESI-MS (positive-ion mode) displayed a pseudomolecular ion at m/z 645 [MϩNa] ϩ , and fragment ions at m/z 329 [hexoseϩ144ϩNa] ϩ , and 185 [hex-oseϩNa] ϩ were observed in the MS n spectra, indicating the presence of a hexosyl (162 u) and an unassigned moiety (144 u).
In the 1 H-NMR spectrum, the occurrence of an ABM spin system [d 7.56 (1H, d, Jϭ2.0 Hz), 6.83 (1H, d, Jϭ8.5 Hz), and 7.54 (1H, dd, Jϭ8.5, 2.0 Hz)] characterized an ortho-disubstituted B ring of the flavonol aglycone. Signals at d 6.36 (1H, d, Jϭ2.0 Hz) and 6.67 (1H, d, Jϭ2.0 Hz) have been attributed to the aromatic protons H-6 and H-8 of the A-ring, respectively. Additionally, 1 H-NMR spectrum also exhibited a singlet for a methoxy group at d 3.85 (3H, s). In the 13 C-NMR spectrum, the signals for the aglycone were in good agreement with those of rhamnocitrin, and full identification of the aglycone was finally achieved by heteronuclear multiple bond connectivity (HMBC) spectrum, in which the correlation from the methoxy protons to C-7 could be observed. A glucosyl moiety could be assumed from the signals between d 3.00 and 5.42 in the 1 H-NMR spectrum together with a set of characteristic signals at d 100.6, 73.9, 76.1, 68.7, 74.2, and 63.1 in the 13 C-NMR spectrum. This was later confirmed by acid hydrolysis of 1 followed by TLC analysis of the water-soluble sugar fraction and comparison with reference sugars. Furthermore, the coupling constant (Jϭ7.0 Hz) of the anomeric proton of the glucosyl moiety demonstrated that it has b-anomeric configuration, and the D configuration for glucose was assumed on the basis of the fact that glucose encountered among the plant glucosides in natural products was mostly D-form. The remaining signals in the 1 H-NMR spectrum indicated the presence of two methylenes [d 2.38 (1H, d, Jϭ14.0 Hz, H-2ٞa), 2.27 (1H, d, Jϭ14.0 Hz, H-2ٞb), and 2.28 (2H, s, H-4ٞ)] and a C-methyl group [d 1.02 (3H, s, 3ٞ-CH 3 )] in the unassigned moiety. The remaining signals in the 13 C-NMR spectrum included four upfield carbons at d 27.0 (3ٞ-CH 3 ), 45.13 (C-4ٞ), 45.06 (C-2ٞ), and 68.7 (C-3ٞ) as well as two carbonyl carbons at d 170.1 (C-1ٞ) and 172.3 (C-5ٞ). Taking into account the lost fragment (-144) in ESI-MS, the moiety was then deduced as a 3-hydroxy-3-methylglutaroyl (HMG) moiety. Further confirmation was derived by HMBC correlations from H 2 -2ٞ to C-1ٞ, C-3ٞ, C-4ٞ and 3ٞ-CH 3 , from H 2 -4ٞ to C-2ٞ, C-3ٞ, C-5ٞ and 3ٞ-CH 3 , and from 3ٞ-CH 3 to C-1ٞ, C-3ٞ and C-4ٞ. S-configuration for the C-3ٞ stereogenic carbon of HMG was assumed because naturally occurring HMG esters are formed via the acylation of the hydroxy group with (S)-HMG-CoA. 5, 6) The HMBC correlation from anomeric proton to C-3 indicated that sugar chain was located at C-3 of the agylcone. The downfield chemical shifts of H 2 -6Љ [d 4.16 (d, Jϭ12.0 Hz, H-6Љa) and 3.91 (dd, Jϭ12.0, 7.0 Hz, H-6Љb)] suggested acylation of the glucose unit at C-6Љ, and this was confirmed by an HMBC correlation from H 2 -6Љ to C-5ٞ. Thus, 1 was identified as
Compound 2 was obtained as a yellow powder and also showed a UV spectrum typical of flavonoids with absorption bands at 266 and 348 nm. Its HR-ESI-MS (negative-ion mode) data exhibited a pseudomolecular ion at m/z 605.1504 [MϪH] Ϫ (Calcd 605.1501), consistent with a molecular formula of C 28 H 30 O 15 . Its ESI-MS n gave a pseudomolecular at m/z 629 [MϩNa] ϩ as well as two fragment ions at m/z 329 [glcϩHMGϩNa] ϩ , and 185 [glcϩNa] ϩ , suggesting that it differed from 1 by an absent hydroxy group on the aglycone. Comparison of the 1 H-NMR data of 2 and 1 showed that the ABM spin system was replaced by an AAЈBBЈ spin system [d 8.02 (2H, d, Jϭ9.0 Hz) and 6.88 (2H, d, Jϭ9.0 Hz)]. Further analyses of the 1 H-and 13 C-NMR data (see Table 1 ) led to the identification of the aglycone as rhamnocitrin, which was supported by an HMBC correlation from the methoxy at d 3.85 (3H, s) to C-7 of the aglycone. Signals derived from a 3-hydroxy-3-methylglutaroyl(1→6)-b-glucopyranosyl moiety were also observed in the NMR spectra of 2. The presence of the glucosyl moiety was confirmed by acid hydrolysis. In addition, the HMBC spectrum showed long-range correlations of C-3 with H-1Љ, and C-1ٞ with H 2 -6Љ. Thus, 2 was identified as rhamnocitrin-3-O-[(S)-3-hydroxy-3-methyl-glu- C-NMR analyses, the aglycone was identified as isorhamnetin, and this was confirmed by a correlation between the methoxy group and C-3Ј in the HMBC spectrum. The 1 Hand 13 C-NMR also showed signals for rhamnosyl, glucosyl, and HMG moieties. An HMBC correlation from H-1Љ to C-3 suggested the attachment of the glucosyl moiety to C-3 of the aglycone. HMBC correlations of C-2Љ with H-1ЉЉ, and C-1ٞ with H 2 -6Љ indicated the rhamnosyl and HMG moieties were located at C-2Љ and C-6Љ, respectively, of the glucosyl moiety. The common L configuration for a-rhamnose was assumed. Thus, the structure of 3 was established as isorham-
In addition, 13 known compounds were elucidated as uracil, 7) isorhamnetin 3-O-a-arabinopyranoside, 8) rhamnetin 3-O-b-glucopyranoside (4), 9) rhamnocitrin 3-O-b-glucopyranoside (5), 10) adenosine, 11) quercetin 3-O-a-arabinopyranoside, 8, 12) isorhamnetin 3-O-b-glucopyranoside (6), 13) genistein 4Ј-O-b-glucopyranoside (7), 14) 15) acacetin 7-O-b-rutinoside (9), 16) isorhamnetin 3-O-b-rutinoside (10), 17, 18) quercetin 3-O-bglucopyranoside (11), 19) and rutin (12), 19) by spectroscopic analysis.
Cytotoxic activities of compounds 1-12 were evaluated against HCT-8, A549, Bel-7402, BGC-823 and A2780 using the MTT method. Among the tested compounds, 2 and 6 were the most potent, with IC 50 values of 6.38 mM against HCT-8 and 5.20 mM against A549, respectively, and the other compounds exhibited IC 50 values Ͼ10 mM.
Experimental
General Experimental Procedures The optical rotations were measured on a Jasco P-2000 polarimeter. The UV spectra were scanned by a Jasco V650 spectrophotometer. IR spectra were recorded on an IMPACT 400 (KBr) spectrometer. 1 H-NMR (500 MHz), 13 Extraction and Isolation The dried whole plant of O. racemosa (10 kg) was exhaustively extracted with 95% EtOH under reflux for 3 h. The EtOH extract was concentrated under reduced pressure to give a residue (1095 g), which was suspended in H 2 O (7500 ml) with the suspension sequentially extracted with petroleum ether (3ϫ5000 ml), EtOAc (3ϫ5000 ml), and n-BuOH (3ϫ5000 ml). The n-BuOH extract was evaporated in vacuo to give a residue (300 g), which was subjected to silica gel CC eluting with a MeOH-CHCl 3 gradient to afford 8 fractions (A-H). Fraction D (2 g) was applied to an ODS column eluted with a MeOH-H 2 O step gradient (in ratio 1 : 1) to yield 2 (98 mg). Fraction G (50 g) was subjected to macroporous resin with an EtOH-H 2 O step gradient (in ratio 3 : 7) to afford subfraction G-3 (1 g), which was purified by reversed-phase preparative HPLC, using a mobile phase of MeOH-H 2 O (in ratio 1 : 1), to give 1 (140 mg). Fraction H (50 g) was subjected to macroporous resin with an EtOH-H 2 
